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Abstract
The e v a lu a t e d  n u c le a r  d a ta  f i l e s  a v a i l a b l e  a t  IAEA a r e  u se d  fo r  g e n e r a t in g  
m u lt ig r o u p  c o n s ta n t  s e t s  fo r  e q u a t io n s .  The m ethod o f  d a ta  h a n d lin g
and c a l c u l a t i o n  i s  d e s c r ib e d  and  th e  c o r r e s p o n d in g  com p u ter progi'am  i s  
p r e s e n t e d .
Резюме
Масса оцененных ядерных данных, полученных от МАГАТЭ используются для 
произведения многогрупповых константов уравнений P j .  Описывается метод об­
работки данных и вычисления, а также соответствующая программа для ЭВМ.
K iv o n a t
Az IA E A -n ál r e n d e lk e z é s r e  á l l ó  k i é r t é k e l t  n u k le á r i s  a d a to k a t  f e lh a s z n á l j u k  
a P-^  e g y e n le t e k  s o k c s o p o r t - á l la n d ó in a k  e l ő á l l í t á s á r a .  I s m e r te t jü k  a h a s z ­
n á l t  a d a t f e l d o l g o z á s i  é s  s z á m í t á s i  m ó d s z e r e k e t ,  v a la m in t  a m e g f e l e lő  szám í­
t ó g é p i  p rogram ot.
1 . I n t r o d u c t io n
The r e c e n t  d ev e lo p m en t o f  r e a c t o r  c a l c u l a t i o n s  in  o u r  c o u n tr y  Щ  h a s  
r e q u ir e d  a r e l i a b l e  s e t  o f  g ro u p  c o n s t a n t s .  In  th e  p u b l is h e d  l i t e r a t u r e  t h e r e  
can b e  fou n d  some s e t s  o f  m icro g ro u p  c o n s t a n t s ,  a s ,  e . g .  [ 2 ] ,  [^ 3] , e t c .  T h e se
c o n s t a n t s  have b een  p rod u ced  from  e v a lu a t e d  n u c le a r  d a ta  w h ich  o r i g i n a l l y  
r e s u l t e d  from n u c le a r  th e o r y  and e x p e r im e n ts .  The g ro u p  c o n s t a n t s  s e t s  h a v e  
been  p u b l is h e d  o v e r - a  r e l a t i v e l y  lo n g  p e r io d  o f  t im e  and th e y  a r e  n o t  f l e x i b l e  
en ou gh  a s  fa r  a s  th e  c a l c u l a t i o n  m ethods and s p e c i a l  c ic u m s ta n c e s  a re  c o n c e r n e d ,  
e . g .  d i f f u s i o n ,  t r a n s p o r t  and Monte C a r lo  c a l c u l a t i o n ,  h e te r o g e n e o u s  s y s t e m s ,  
s h i e l d i n g  c a l c u l a t i o n s ,  e t c .
R e c e n t ly ,  e v a lu a te d  d a ta  o f  som e i s o t o p e s  w h ich  a re  im p o r ta n t in  
r e a c t o r  p h y s ic s  h a v e  become a v a i l a b l e  a t  IAEA on m a g n e t ic  ta p e  f i l e .  T h e r e f o r e ,  
to  a v o id  th e  d i f f i c u l t i e s  w i t h  th e  readym ade group  c o n s t a n t s ,  a program  h a s  
béen  p r e p a r e d  f o r  t h e i r  c a l c u l a t i o n  from  t h e s e  e v a lu a t e d  d a ta .  I t  i s  hoped  
t h a t  i n  th e  fu t u r e  th e  a c c u r a c y  o f  th e  n u c le a r  d a ta  and th e  a s s o r tm e n t  o f  ma­
t e r i a l  a v a i l a b l e  a t  IAEA w i l l  grow, th e r e b y  s a t i s f y i n g  r e q u ir e m e n ts  c o n c e r n e d  
w ith  t h e  group c o n s t a n t s  in  r e a c t o r  p h y s i c s  c a l c u l a t i o n s .
In  t h i s  r e p o r t  a m eth od  fo r  g e n e r a t in g  g ro u p  c o n s t a n t s  f o r  P^ 
e q u a t io n s  from e v a lu a te d  d a ta  i s  o u t l in e d  and th e  d e s c r i p t i o n  o f  th e  r e l a t e d  
com p u ter program  i s  g iv e n .  2
2 . M ethod fo r  t h e  c a l c u l a t i o n  o f  grou p  c o n s t a n t s
The grou p  c o n s t a n t s  a r e  d ep en d e n t on th e  e q u a t io n s  i n  w h ich  th e y  a r e  
t o  b e  u s e d . F or in s t a n c e ,  a  s e t  o f  g ro u p  c o n s t a n t s  p rep a re d  f o r  Sn c a l c u l a ­
t i o n  i s  o f  d o u b t f u l  a p p l i c a b i l i t y  i n  d i f f u s i o n  c a l c u l a t i o n ,  and v i c e  v e r s a .
Of c o u r s e ,  i f  t h e  en erg y  m esh  i s  s m a l l ,  i . e .  th e  number o f  g r o u p s  i s  l a r g e ,  
th e n  any s e t  ca n  be u sed  f o r  any p u r p o se  t o  a r e l a t i v e l y  good  a p p r o x im a t io n .
In  t h e  f o l lo w in g  o n ly  th e  c a l c u l a t i o n  o f  group  c o n s t a n t s  f o r  P-^  a p p r o x im a tio n  
i s  c o n s id e r e d ;  h o w ev er , g r o u p  c o n s t a n t s  f o r  any o t h e r  p u r p o se s  c o u ld  be o b t a i n ­
ed  by  s im i la r  c o n s i d e r a t i o n .
2The e q u a t io n s  in  t h e i r  g e n e r a l  e n e r g y  d e p e n d e n t  form  a r e :
VJ (r ,E )+ E  (Е)ф ( r , E ) Í dE' (E '->E )ф (г ,Е ')  +x v ( E ' ) l f  (Е ')ф (г ,Е ') / 2 . 1 а /
1 /3  Уф$г,E) + Z (E ) j ( r , E )  = Í dE' Z1 ( e , -^ e ) j ( r , E ' ) / 2 . l b /
M u ltig ro u p  e q u a t io n s  c a n  be o b ta in e d  on th e  a s su m p tio n  t h a t  th e r e  i s  
s p a c e -e n e r g y  s e p a r a b i l i t y  in  t h e  i - t h  grou p  a s
Ф ( r  ,E  ) = ф (г )  f ( E )  / 2 . 2 а /
j ( r , E )  = i ^ r )  j ( E )  / 2 .2 b /
I n s e r t in g  / 2 . 2 /  in t o  t h e  E q s . / 2 .1 /  and i n t e g r a t i n g  fo r  E o v er  th e  
i n t e r v a l  ( Ei +i  ' Ei  )  ' we h a v e
V I. ( r )  t  ф± ( г )  = l  Фк (г )  t  x ± I ( v z f ) k фк ( г )
l  о 1  u к
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/ 2 .3 b /
/ 2 . 4 a /
3dE ' L1 (E , +E ) j ( E ' )
dE j ( E )
Ek+1
/2.4b/
I  dE' v (E ')  Ef  (e ') f ( E ' )
^ f ) 1 = ------------- --------------------  /2 -4 С /




:± = \ dE x (E ) / 2.4d/
Ei+1
i  vi  _i+i  
о 4 f  “ о / 2 . 4e/
i  y í
1 4 j  “ 1^ 1 2 . M l
/ 2 . 4g /
dE f  (E ) .
4I ± (r ) l iO O dE j ( E )
Over th e  th er m a l r e g i o n ,  w here t h e r e  i s  no u p - s c a t t e r i n g ,  th e
1 ** 1 ГЧ
e q u a t io n s  becom e s im p le r .  N a m ely , we may w r i t e  i n s t e a d  o f  , and
In  o r d e r  t o  a p p ly  t h e  ab ove fo r m u la s ,  th e  e n e r g y  s p e c t r a  o f  f l u x  and 
c u r r e n t ,  f ( E ) and j ( E ) ,  s h o u ld  be known f o r  e v e r y  g r o u p . I t  i s  a c c e p te d  
t h a t  i n  th e  s lo w in g -d o w n  r e g io n
£ (E > -  т я т г т
w h i le  i n  th e  th e r m a l r e g io n
f ( E )
/ 2 .5 а /
/ 2 . 5 а ' /
w here T i s  th e  m a t e r ia l  te m p e r a tu r e .
The d i s c u s s i o n  h e r e  w i l l  be c o n f in e d  t o  th e  e n e r g y  ra n g e  ab ove  th e  
th e r m a l r e g io n .  Group c o n s t a n t s  i n  t h i s  r e g io n  w i l l  b e  c a l c u l a t e d  i n  a c c o r d a n c e  
w ith  o t h e r  ty p e s  o f  c o n s i d e r a t i o n s ,  m aking u s e  o f  th e  r e s u l t s  o f  th e  th e o r y  
o f  i n e l a s t i c  s c a t t e r i n g  in  s o l i d  o r  l i q u i d  p h a s e .
B etw een  f ( E )  and j ( E ) t h e r e  i s  an a p p r o x im a te  r e l a t i o n
j (E ) f  ( e )W T31 t r '
where £tr(E) transport cross-section.
/ 2 . 5Ь/
5In  th e  h ig h e r  e n e r g y  r e g io n  t h e r e  w ould  b e a  b e t t e r  b u t  m ore c o m p l ic a t ­
ed o p t io n  than  / 2 . 5 а / ,  as
Emax
J dE ф (Е )
f ( E )  = —■——-----------------  + X ( E )  / 2 . 5 с /
Z (e ) EE
l x  (E  ) i s  th e  f i s s i o n  s p e c t r u m ./
G e n e r a l ly ,  in  th e  s lo w in g -d o w n  r e g io n  t h r e e  ty p e s  o f  n u c le a r  
p r o c e s s e s  le a d  t o  t h e  e n er g y  d e g r a d a t io n  o f  n e u tr o n s :  e l a s t i c  /E e ^ / and 
i n e l a s t i c  /Е^п / s c a t t e r i n g  and th e  / n , 2 n / p r o c e s s  /E n 2n / • Thus
Eo (E '> E ) = Л (E'-*-E) + Ei n (E '^ E ) + 2En 2 ( e ' - E )  / 2 . 6 а /
о '
Z ^ E '+ e ) = Ze l  ( e '-^E) 1 2 . Shi
I t  i s  a ssu m ed  t h a t  t h e  i n e l a s t i c  s c a t t e r i n g  and th e  / n ,2 n /  p r o c e s s  
a re  i s o t r o p i c  i n  t h e  la b o r a to r y  sy s te m .
a / E l a s t i g _ s c a t t e r i n g .  L et a ( e , m ) be t h e  d i f f e r e n t i a l  e l a s t i c  
s c a t t e r i n g  c r o s s - s e c t i o n  i n  c e n t e r - o f - m a s s  s y s te m , у th e  c o s in e  o f  s c a t t e r i n g  
a n g le ,  th e  m ass o f  th e  n u c le u s ,  and th e  n u c le a r  d e n s i t y ,  th en
/ s e e  [ 4 ] /
j d u ' -Ee l  ( u ' + u ) f (u ')  = I ° £  — 5m-----  f  d u ' f (u ' )  ° s ( u ' ' tl( u , u ' ) )  eU ~U
* * "-Q *
/ 2 .7 а /
2 u
r ( m,+ i )
] d u '  I e l i (u '> u )  j ( u ' )  = I Q , Ц н -
2 u
I  d u ' j ( u ' )  O g ( u ' , y ( u ,u ' ) )  e u _u
u-Q ,
u -u '
4 ‘ ~ e  2
-и»u u





O r 1 ) 2
v ( u ,u ' )  = 1 / 2 . 8 /
In  th e s e  t h e  more c o n v e n ie n t  l e t h a r g y  v a r ia b le  i s  u sed  i n s t e a d  o f  
en erg y  v a r i a b l e ,  i . e .
u = In  Eq /E
S u b s t i t u t i n g  / 2 . 7 /  i n t o  / 2 . 4 а - Ь / ,  we g e t
Л .1  ,  „ ( v O 2 k+1
Ze l 0 I  QZ 4МЯ £k i  ' d u ' f
z / u )  , £ /  , / u ' - uг /  du о ( u '  ,y  ( u ,u ' )  у e
J du' f ( u ' )  j  ---------— --------------------------------
w ( u ' ) uk + l
^ du f ( u )  
u.
/ 2 .9 b /
/ 2 .1 0 a /
/2 .1 0 b /
7u.k+1
í l í  " W s  ek i  d u ' f <u '> dp a ^ ( u ' ,u )
1 * ”  P > , u ' )
Mt +1 1 -  (1-U )
2M„
( v 1 )'
M r 1 2Mn
-I \ - l
f l  -  ( 1-u ) --------ъ
K +1)
+1
du j  (u  ) / 2 .1 1 b /
*k
I f  th e  s c a t t e r i n g  i s  i s o t r o p i c  i n  th e  c e n t e r - o f - m a s s  s y s te m , i . e .  
ag ( u ' ,u )  = a s (u ')  t th en  th e  in n e r  i n t e g r a l  i n  / 2 . 1 1 /  can b e p erfo rm ed  
a n a l y t i c a l l y ,  and  we have
,k-*-i
Je l
(m . + i ) 2 .  r~+ 1  , u ' f  -Ui  - z ( u ' ) )
-  I Q« Ч . Г -  4 l 1 * • ’ £ (“ ’ > 1 - «-----------о i, * K1 J 8 uk+l
/ 2 . 1 2 а /
 ^ du f ( u )  
u,
í Ui +l  Ui + 1  1  Чл
z(u) = / /2.10с/
u'+q^ otherwise
í Uj, if i f к
w(u') = / /2.lOd/
I u' if i = к
If the integral variable u is changed to у in /2.9/, then we have
8í i 1 = I QJe l
K +1)2 I
1 3ÍT ek i
k+1 M„+1
I  d u ' f ( u ' )  O g (u ')  — — - e 3 /2 u  (t,e -3 /2 _ e w (u ')  -3 /2 (u ' )^
(Mt - 1 )  e ' U' /2  ( V w (u ' ) / 2  -
z (u ') 
2 / 2 .1 2 b /
b / Í O § i § s t i c _ s c a t t e r i n g .  I n e l a s t i c  s c a t t e r i n g  o f  n e u tr o n s  i s  t r e a t e d  in  one 
o f  two w a y s , d ep en d in g  upon th e  e n e r g y  o f  t h e  in c id e n t  n e u tr o n , E ' .  L e t  Ec 
d e n o te  a t a r g e t  n u c le u s  e x c i t a t i o n  en er g y  b e lo w  w hich  t h e  l e v e l  s t r u c t u r e  o f  
th e  n u c le u s  i s  g i v e n .  In  th e  p r o c e s s  o f  i n e l a s t i c  s c a t t e r i n g ,  th e  i n c i d e n t  
n eu tro n  l o s e s  an am ount o f  e n e r g y  a p p r o x im a te ly  e q u a l t o  th e  e n e r g y  o f  e x c i t a ­
t i o n  o f  t h e  r e s id u a l  n u c le u s ,  E ^, i . e .  m ore p r e c i s e l y






/ 2 .1 3 /
/ The sum i s  e x te n d e d  o v e r  th e  r e s o lv e d  e x c i t a t i o n  l e v e l s . /
F or E' > Ec  a c o n t in u o u s  d i s t r i b u t i o n ,  th e  s o - c a l l e d  e v a p o r a t io n  
m od el, i s  u sed  [ 5 ] :
' in c o n t
(E ‘ E ) -  ö c o n tO '>
E e -E /0 * (E ')
© Ч е ' )  [©Я(е ')  - е ~ Е ^ 0 ^  ( е Я(Е ')  +E')]
/ 2 . 1 4 /
w here
■ Щ  / ° - 31
S u b s t i t u t i n g  / 2 .1 3 /  and / 2 . 1 4 /  i n t o  / 2 .4 а - Ь / ,  we o b ta in
rk 3 _  
J in = I Qi
CA Ek
i l i  Í  dE ' ° i (E ,) Ekj 4
Jk+1
9E .+ 1 / 0 * ( E ' ) /  \  - Е . / 0 Л( Е ' ) /  о \
3 1 _________(E ') +E .^+1j - e  3 *_____________ ( 0 ACe Q +Ei  J
f dE ' f  (e ') сЛ  . ( e ) --------------------------P— ------------------- ^ ч
3 СОП 0 Л ( E ' )  0 í' ( E ' ) - e " E , / 0  ^E ^ ( e A(E ')+ E ')J"k+l
dE' f ( E ')
k + l
where
е / , =
-kj
Мл-1
1 i f  E = M ^ I E '
0 o t h e r w is e
í r T l Ei  and E<E'<Ek and Ej + 1 <E<Ej
c /  The_ l n M2n£__E E g c e s s . For t h e  en er g y  d i s t r i b u t i o n  o f  n e u tr o n s  a r i s i n g  from
th e  / n ,2 n /  r e a c t i o n  th e  e v a p o r a t io n  m o d el i s  u s e d ,  i . e .  two n e u tr o n s  a r e  
b o i l e d  o f f  in  s u c c e s s io n  w ith  th e  mass number d e c r e a s e d  by on e f o r  th e  s e c o n d  
n e u tr o n .
21k+jn ,2 n
- V i / 0 S (E' ) / »  \  -E  . / e k .  \(0 s (E -')+E .+ 1) - e  3 (e s (E ') +Ei )
[ Qt  J dE' £ ( E ' ) 0  ^ ( E ' )  У ----------------- ---------------I p / I  \---------------
bQl  E^+1 3 - 1 , 2  0 g (E ')  [0g(E O  - e  S (в д (Е 0
w here
0Í<E> = V hj /  ° -31
0 ^ (E ) = E
. V 1
0 .3 1
3 . The e v a lu a te d  d a ta  f i l e  a v a i l a b l e  a t  IAEA
The e v a lu a t e d  d a ta  f i l e  a v a i l a b l e  a t  IAEA i s  com posed from  KEDAK and
AWRE f i l e s .  At t h e  p r e s e n t  i t  c o n t a in s  13 f i l e s .  T h e ir  c o n te n t  and o th e r
p a r a m e te r s  a re  g iv e n  in  T a b le  1 . The d e t a i l e d  d e s c r i p t i o n  o f  t h e  KEDAK and
10
Table 1
F i l e F o r ­m at
Numb, o f  14 
c h a r . i n  
a b lo c k
N u c le i  and ty p e s  o f  d a ta
1 AWRE 800 / п , у /  c r o s s - s e c t i o n  fo r  i s o t o p e s  w ith  m ass  
number 8 3 -1 6 0  / f i s s i o n  p r o d u c t s /  9
2 KEDAK
&
800 27 12For m a t e r ia l s  A1 , C , Chromium, I r o n , D e u te -
1 1  4 r iu m , H bound in  H ~, H bound i n  H_0, He fB Mo,
23 Z Z Na -  a l l  ty p e s  o f  d a ta  r e q u ir e d  fo r  grou p
c o n s t a n t  c a l c u la t io n ?  fo r  i s o t o p e s  o f  Chromium,
Ir o n  and Molybdenum r e s o n a n c e  p a ra m e ter s  o n ly ;
fo r  H e3 a b s o r p t io n  and / n , p / - c r o s s - s e c t i o n  o n ly ;  
14fo r  N - d i f f e r e n t i a l  e l a s t i c  s c a t t e r i n g  o n l y .
3 KEDAK 800
____________ $
For N i , 0 ^ ,  Pu239 , U236- a l l  t y p e s  o f  d a ta ,  n eed ed  
f o r  g ro u p  c o n s ta n t  c a l c u l a t i o n ;  f o r  i s o t o p e s  o f  
N i-r e s o n a n c e  p a r a m e te r s  o n ly .  «
4 KEDAK 800 ~ T  r, 240 „ 2 41  _ 242 Г 23? 7 T ~  ~  For C d, Pu , Pu , Pu , U - a l l  t y p e s  o f
d a ta  n e ed ed  fo r  g ro u p  c o n s ta n t  c a l c u l a t i o n .
5 AWRE 800 F o r . Z r - a l l  ty p e s  o f  d a ta  n e ed ed  f o r  group  
c o n s t a n t  c a l c u l a t i o n .
6 AWRE 800 . 232For Th - a l l  t y p e s  o f  d a ta  n e e d e d  fo r  g ro u p  
c o n s t a n t  c a l c u l a t i o n .
7 AWRE 800 For B e , Pu2 4 1 , B ^ - a l l  ty p e s  o f  d a ta  n eed ed  
fo r  g ro u p  c o n s ta n t  c a l c u l a t i o n .
8 AWRE 800 239Pu -  a l l  ty p e s  o f  d a ta  n e e d e d  f o r  group  
c o n s t a n t  c a l c u l a t i o n .
9 AWRE 800 235F or U -  a l l  t y p e s  o f  d a ta  n e e d e d  fo r  g ro u p  
c o n s t a n t  c a l c u l a t i o n .
10 AWRE 800 2 38For U -  a l l  t y p e s  o f  d a ta  n e e d e d  fo r  g ro u p  
c o n s t a n t  c a l c u l a t i o n .
11 AWRE 800 I n , у /  c r o s s - s e c t i o n  f o r  i s o t o p e s  w ith  m ass 
number 8 1 -1 5 7  / f i s s i o n  p r o d u c t s / .
12 AWRE 80 For L i 6 -  a l l  t y p e s  o f  d a ta  n e e d e d  fo r  g ro u p  
c o n s t a n t  c a l c u l a t i o n .
13 AWRE 80 7For L i -  a l l  ty p e s  o f  d a ta  n e e d e d  fo r  grou p  
c o n s t a n t  c a l c u l a t i o n .
1 1
AWRE fo rm a t can  b e  found in  th e  r e p o r t s  [б] and [ 7 ] ,  r e s p e c t i v e l y .  Here we 
r e s t r i c t  o u r s e lv e s  t o  th e  m ain  f e a t u r e s  o f  th e s e  fo r m a ts ,  d i s c u s s i n g  th e  
e s s e n t i a l  d i f f e r e n c e s  b e tw een  them .
a / KEDAK form at
At t h e  b e g in n in g  o f  each  KEDAK f i l e  t h e r e  i s  a d e s c r ip t i o n  o f  
m a t e r ia l  c o n t e n t s .  At th e  b e g in n in g  o f  d a ta  group  f o r  ea ch  m a t e r ia l  th e r e  i s  
a d e s c r ip t i o n  o f  d a ta  ty p e  c o n t e n t s .
The in fo r m a t io n  i s  a rra n g ed  i n  r e c o r d s  o f  80 c h a r a c t e r s  / c a r d -  
im age fo r m a t / .  The 7 3 -8 0  c h a r a c t e r  p o s i t i o n s  a re  t h e  i d e n t i f i c a t i o n  p a r t  o f  
th e  r e c o r d .
7 3 -7 4  are th e  p o s i t i o n s  a t  w h ich  th e  m a t e r ia l  a p p e a r s  in  th e  
d e s c r ip t i o n  o f  t h e  m a t e r ia l  c o n t e n t s ,
7 5 -7 6  are th e  p o s i t i o n s  a t  w h ic h  th e  d a ta  ty p e  a p p e a r s  in  th e  
d e s c r ip t i o n  o f  t h e  d a ta  ty p e  c o n t e n t s ,
7 7 -8 0  are th e  s e r i a l  number o f  th e  ca rd  i n  th e  g iv e n  d a ta  g ro u p .
B e fo r e  each  d a ta  group  t h e r e  i s  a r e c o r d  c o n t a in in g  th e  number 
o f  d a t a  s e t s  i n  t h a t  g ro u p . I f  th e r e  a r e  fu r t h e r  p a r a m e te r s  / e . g .  e n e r g y  o f  
e x c i t a t i o n  l e v e l  a t  i n e l a s t i c  s c a t t e r i n g ,  or  i n c i d e n t  n e u tr o n  en e r g y  fo r  
d i f f e r e n t i a l  s c a t t e r i n g  c r o s s - s e c t i o n ,  e t c . / ,  th e n  th e y  a r e  g iv e n  in  a r e c o r d  
b e f o r e  t h a t  c o n t a in in g  th e  number o f  d a t a  s e t s .  Each d a ta  grou p  b e g in s  w ith  
th e  in fo r m a t io n  on  th e  m a t e r ia l  t y p e ,  d a ta  ty p e ,  number o f  f u r t h e r  p a r a m e te r s ,  
number o f  argu m ents and f u n c t i o n a l  v a l u e s ,  and number o f  d i f f e r e n t  v a lu e s  o f  
f u r t h e r  p a r a m e te r s .
b / AWRE form at
One o f  th e  m ost e s s e n t i a l  and d i s c o n c e r t in g  d i f f e r e n c e s  b e tw e en  
th e  KEDAK and AWRE form at i s  in  th e  i d e n t i f i c a t i o n  o f  n u c l e i .  In  th e  AWRE 
f i l e s  th e  d a ta  s e t s  o f  a g iv e n  m a t e r ia l  a r e  i d e n t i f i e d  w ith  a  number o f  t h r e e  
f i g u r e s  w hich  i s  a r b i t r a r y  c h o s e n  by t h e  e d i t o r s  o f  th e  f i l e .  T h is  number i s  
p la c e d  in  th e  7 3 -7 5  c h a r a c te r  p o s i t i o n s  o f  each  r e c o r d .  The num bers p la c e d  
in  t h e  7 3 -7 6  c h a r a c te r  p o s i t i o n s  o f  an y  KEDAK f i l e  a r e  n o n d e s c e n d in g , and  
t h i s  i s  n o t t r u e  f o r  AWRE f i l e s .
The i d e n t i f i c a t i o n  o f  d a ta  gro u p s f o r  a g iv e n  m a t e r ia l  i s  s i m i l a r  
to  t h a t  in  KEDAK f i l e s ,  th e  o n ly  d i f f e r e n c e  b e in g  t h a t  th e  7 6 -7 7  c h a r a c te r  
p o s i t i o n s  s e r v e  f o r  t h i s  p u r p o s e .
The en e r g y  ra n g e  c o v e red  i s  d iv id e d  i n t o  some p a r t i c u l a r  i n t e r v a l s .  
B e fo r e  th e  d a ta  grou p  fo r  e a c h  i n t e r v a l  th e r e  can b e  fou n d  in fo r m a t io n  on th e
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lo w er  and u p p er l i m i t  o f  th e  i n t e r v a l ,  th e  m a t e r ia l  te m p e r a tu r e ,  th e  number 
o f  d a ta  s e t s  i n  t h i s  i n t e r v a l ,  and t h e  number o f  te m p e r a tu r e s  s t i l l  t o  b e  
f u l l y  c o n s id e r e d .  Thus th e  number o f  d a ta  s e t s  i n  th e  l o c a l  en er g y  r a n g e  can  
n o t  be r e c o g n iz e d  a t  o n c e  b e fo r e  t h e  d a ta  g r o u p . T h is  i s  a l s o  an u n c o m fo r ta b le  
f e a t u r e  o f  AWRE f i l e s .
T h ere  a re  d i f f e r e n c e s  n o t  o n ly  in  th e  form  o f  t h e  f i l e s  b u t i n  t h e i r  
c o n te n t  t o o .  T ra n sp o r t c r o s s - s e c t i o n s  a r e  g e n e r a l l y  m is s in g  i n  th e  AWRE f i l e s .  
W h ile i n  KEDAK f i l e s  th e  d i f f e r e n t i a l  e l a s t i c  c r o s s - s e c t i o n s  a r e  g i v e n ,  in  
AWRE f i l e s  o n ly  th e  p r o b a b i l i t y  o f  a n g u la r  d i s t r i b u t i o n  ca n  b e found /a n d ,  o f  
c o u r s e ,  th e  t o t a l  s c a t t e r i n g  c r o s s - s e c t i o n / .  W h ile  in  th e  KEDAK f i l e s  t h e  
en er g y  o f  e x c i t a t i o n  l e v e l  i s  a f u r t h e r  p a r a m e te r , in  th e  AWRE f i l e s  t h e  i n ­
e l a s t i c  c r o s s - s e c t i o n s  f o r  e v e r y  e x c i t a t i o n  l e v e l  a r e  r e p r e s e n te d  by s e p a r a t e  
d a ta  g r o u p s .
A g r e a t  e f f o r t  h a s  b een  made i n  o r d e r  t o  c o n f in e  t h e  e f f e c t  o f  
d i f f e r e n c e s  i n  d a ta  s o u r c e  on th e  s t r u c t u r e  o f  t h e  program  p r o c e s s in g  t h e s e  
d a ta .  T h is  p rob lem  w i l l  be d i s c u s s e d  i n  d e t a i l  i n  th e  n e x t  s e c t i o n .
4 . S ta g e s  o f  th e  p r o d u c t io n  o f  m u lt ig r o u p  c o n s t a n t s
T h ere  a r e  t h r e e  s t a g e s  i n  th e  c a l c u l a t i o n  o f  m u lt ig r o u p  c o n s t a n t s  
from  th e  e v a lu a t e d  d a ta  f i l e s .  In  any s t a g e  th e  c a l c u l a t i o n  s t a r t s  from  a 
m a g n e t ic  ta p e  d a ta  f i l e  and th e  w ork i s  f i n i s h e d  w ith  a n e w ly  c r e a te d  m a g n e t ic  
ta p e  d a ta  f i l e .  Each f i l e  h a s  a s p e c i f i c  and s t r i c t l y  d e f in e d  s t r u c t u r e  
c h a r a c t e r iz in g  th e  jo b  p erfo rm ed  i n  th e  s t a g e .  The e v a lu a t e d  f i l e  o r i g i n a t i n g  
from  IAEA w i l l  be d e n o te d  by DFO. The f i l e s  c r e a t e d  by t h e  t h r e e  s t a g e s  a re  
d e n o te d  by DF1, DF2, DF3, r e s p e c t i v e l y .
W h ile  th e  f i l e  DFO i s  w r i t t e n  by th e  s p e c i a l  m a g n e t ic  ta p e - h a n d lin g  
s u b r o u t in e s  f o r  th e  IC L -1905 co m p u te r , th e  f i l e s  DF1, DF2 and DF3 a r e  w r i t t e n  
by th e  ICL s ta n d a r d  FORTRAN s y s te m .
1 s t  s t a g e
The program  s e a r c h e s  th e  d a ta  gro u p s o f  any g iv e n  m a te r ia l  and s e a r c h e s  
th e  d a ta  ty p e  fo r  t h i s  m a t e r i a l .  The p o s i t i o n  o f  th e  d a t a ,  i . e .  c h a r a c t e r s  
7 3 -7 6  / f o r  AWRE d a ta  7 4 - 7 7 /  o f  t h e  d a ta  c a r d s ,  s h o u ld  be s p e c i f i e d  by in p u t  
p a p er  t a p e .  D ata a r e  r e a d  i n ,  c o n v e r te d  i n t o  b in a r y  form  and w r it t e n  on  to  DF1 
i n  a r e a r r a n g e d  o r d e r .
F or any m a t e r ia l  on th e  f i l e  DFl t h e r e  a r e  a t  m o st 15 d a ta  t y p e s  in  
a s t r i c t l y  d e f i n i t e  o r d e r ,  a s  shown i n  T a b le  3 . The s t r u c t u r e  and fo r m a t o f  
DFl a r e  g iv e n  in  T a b le  2 .
Table 2.
In fo r m a tio n
ty p e
L is t  o f  I /O  
s ta te m e n t C o n te n t
I n tr o d u c ­
t o r y
KE / 1 / ,NFU / I / ,1 = 1 ,5 0 KE/ 1 / , f o r  I = - 4 8 ,  th e  name o f  
m a t e r i a l s  c o n t a in e d  in  D F l;
KE/ 4 9 / ,  number o f  m a t e r ia ls  
K E /5 0 / ,  number o f  d a ta  t y p e s  /1 5 /  
NFU/ I /= n ^ , w h ere  i f  n i =0 o r  
- 2  th e n  th e  i - t h  m a t e r ia l  i s  
n o n - f i s b i o n a b l e ; i f  
n^ = 1 th e  i - t h  m a t e r ia l  i s  
f i s s i o n a b l e ;  i f  n , = 0  th e  
i - t h  m a t e r ia l  i s  on an AWRE 
f i l e ,  o th e r w is e  i t  i s  on a 
KEDAK f i l e .
R eco rd s fo r  
a g iv e n  m ate­
r i a l  and da­
t a  ty p e ,a n d ,  
i f  th e r e  i s  
a fu r th e r  
p a r a m e te r , 
th e n  fo r  a 
g iv e n  v a lu e  
o f  i t
K R /I / 1 = 1 ,6  к
F N /I / ,  1 = 1 ,3
NKR, AC/ J / , DC/ J / =1 , 
NKR
IBS
KR (l)= K 1 , number o f  d a ta  s e t s
K R(2)=K 2 , number o f  d a ta  r e c o r d s
KR( 3 ) =K^, num ber o f  fu r t h e r  p a ­
r a m e te r s
K R(4)=K ^, num ber o f  argu m en ts  
KR( 5 ) =KC
KR( 6 ) =K6'
number o f  f u n c t io n a l  
v a lu e s
number o f  c o m b in a tio n s  
o f  f u r t h e r  p a r a m e te r s
T h is  r e c o r d  e x i s t s  i f  K3=0
FN ( l ) = th e  v a lu e  o f  th e  f u r t h e r  
p a r a m e te r ;
FN (2 )=  a to m ic  m ass o f  th e  m a te­
r i a l  / o n l y  f o r  AWRE d a ta /
NKR £  2250  
AC/ J / a rg u m en t,
D C /J / f u n c t io n a l  v a lu e
r e p e a te d  
f o r  e a c h  
K~
Number o f  r e c o r d  fo r  t h i s  d a ta  
t y p e
A r e c o r d  fo r  
a g iv e n  ma­
t e r i a l
IBN . Number o f  r e c o r d  fo r  t h i s  m a te ­
r i a l  ty p e
I f  f o r  a g iv e n  d a ta  ty p e  t h e  g iv e n  m a t e r ia l  d o es  n o t  e x i s t  o r  i s  z e r o  th en  
K-^  = 0 and t h e  r e c o r d s  e x c e p t  th e  f i r s t  and th e  l a s t  one a r e  o m it t e d .
Table 3.
N o. Name D e s c r ip t io n  and rem ark s
1 SGT3 t o t a l  c r o s s - s e c t i o n
2 STR3 t r a n s p o r t  c r o s s - s e c t i o n  in  KEDAK, t o t a l  c r o s s -  
s e c t i o n  in  AWRE f i l e s
3 SGN3 e l a s t i c  s c a t t e r i n g  c r o s s - s e c t i o n
4 SGI3 t o t a l  i n e l a s t i c ' s c a t t e r i n g  c r o s s - s e c t i o n
5 S2N3 c r o s s - s e c t i o n  f o r  th e  /n ,2 n /  p r o c e s s
6 SGA3 a b s o r p t io n  c r o s s - s e c t i o n
7 SGG3 c r o s s - s e c t i o n  f o r  / n , y / p r o c e s s
8 SAL3 c r o s s - s e c t i o n  f o r  / n ,a /  p r o c e s s
9 SGX3 n o n e l a s t i c  c r o s s - s e c t i o n
10 SPR3 c r o s s - s e c t i o n  f o r  / п ,р /  p r o c e s s
11 SGE3 i n e l a s t i c  c r o s s - s e c t i o n  f o r  e x c i t a t i o n  o f  r e s t  
n u c le u s  l e v e l  E^
12 SNC4 d i f f e r e n t i a l  e l a s t i c  s c a t t e r i n g  c r o s s - s e c t i o n  in  
th e  c e n t e r - o f - m a s s  sy s te m  i n  KEDAK, and s c a t t e r ­
in g  p r o b a b i l i t y  i n  AWRE f i l e s
13 SGF3 f i s s i o n  c r o s s - s e c t i o n
14 NUE3 a v e r a g e  number o f  f i s s i o n  n e u t r o n s .
15 KHP3 e n e r g y  sp ec tru m  o f  prompt f i s s i o n  n e u tr o n s
R em arks: 1 /  e x c e p t  f o r  SNC4, th e  argu m ent i s  th e  n e u tr o n  i n c i d e n t  
en erg y ?
2 / E^ i s  a f u r t h e r  p a ra m eter  f o r  SGE3;
3 /  The n eu tro n  i n c i d e n t  e n e r g y  i s  a f u r t h e r  p a ra m eter  f o r  
SNC4.
I t  s h o u ld  be m e n tio n ed  t h a t  b e c a u s e  o f  th e  r e s t r i c t e d  f a s t  
memory c a p a c i t y ,  t h e r e  can  b e  a t  m ost 22 5 0  p a ir s  o f  d a ta  in  a r e c o r d .  
The number o f  r e c o r d s  f o r  a g iv e n  d a ta  ty p e  i s  i n d i c a t e d  by K2 .
The d i f f e r e n c e s  b e tw e e n  th e  KEDAK and AWRE d a ta  are much l e s s  
on DF1 th a n  on DFO. A l l  d i f f e r e n c e s  v a n is h  on DF2, i . e .  a t  th e  en d  o f  
s e c o n d  s t a g e .
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2nd s t a g e
In t h i s  s t a g e  an e n e r g y  argum ent s y s te m  i s  in t r o d u c e d  /E A S/ w h ich  i s  
u n ifo r m  fo r  any m a t e r ia l s  and f o r  any t y p e s  o f  c r o s s - s e c t i o n  t h a t  a r e  t o  be  
c o m p ile d  t o g e t h e r .  The term  " co m p iled  to g e t h e r "  w i l l  b e  c l a r i f i e d  l a t e r .  The 
t o t a l  en e r g y  ra n g e  i n  q u e s t io n  / g e n e r a l l y  0 - 1 0  MeV/ i s  d iv id e d  i n t o  N 
i n t e r v a l s .  T h is d i v i s i o n  w i l l  c o r r e sp o n d  t o  th e  m u lt ig r o u p  sy s te m  t o  be  
c o n s t r u c t e d .  The i n t e r v a l s  a r e  d iv id e d  i n t o  s u b i n t e r v a l s ,  i . e .  a f i n e  group  
sy s te m  i s  in t r o d u c e d . The m id d le  p o in t s  o f  th e  f i n e  g ro u p  i n t e r v a l s  c o n s t i t u t e  
th e  a b o v e -m e n tio n e d  EAS. The number o f  f i n e  grou p s i n  a  b road  grou p  may be  
q u i t e  la r g e  /< 2 0 0 / ,  th u s a l lo w in g  th e  f i n e  s t r u c t u r e  o f  th e  c r o s s - s e c t i o n  t o  
be f o l lo w e d .
The s e r i a l  number o f  m a t e r ia l s  on  D Fl t o  b e c o m p iled  t o g e t h e r  on  
DF2 a r e  s p e c i f i e d  by in p u t .  F i r s t  th e  d a ta  o f  th e s e  m a t e r ia l  a r e  sca n n ed  and 
c o p ie d  on  a s c r a t c h  ta p e s  w h i le  th e  r e c o r d  number o f  e a c h  d a ta  grou p  i s  p u t  
down i n  a m a tr ix . T h is  m a tr ix  c o n t r o l s  th e  d a ta  s e a r c h  on  th e  ty p e  w h ich  h as  
b een  c o p ie d  from D F l.
The d a ta  a r e  i n t e r p o l a t e d  and w r i t t e n  on t h e  DF2 w h ich  i s  p rep a re d  i n  
t h i s  s t a g e .  Above 1 eV th e  i n t e r p o l a t i o n  o f  d a ta  i s  p erfo rm ed  l i n e a r l y  in  
l e t h a r g y ,  below  1 eV t h i s  i s  d on e l i n e a r l y  i n  e n e r g y .
The s t r u c t u r e  o f  DF2 i s  shown i n  T a b le  4 . and i t  c l a r i f i e s  what 
we mean by th e  te r m  " c o m p ila t io n " . The DF2 f i l e  i s  o r g a n iz e d  so  t h a t  th e  
m a c r o c o n sta n ts  o f  a n y  m ix tu re  c o n t a in in g  o n ly  th e  m a t e r i a l s  c o m p ile d  t o g e t h e r  
can e a s i l y  be c a l c u l a t e d  in  t h e  n e x t  s t a g e .  Thus DF2 may be r e g a r d e d  a s  a 
g e n e r a l i z e d  m icro g ro u p  c o n s t a n t  s e t  w h ich  c a n  be f l e x i b l y  u sed  f o r  any  
p u r p o s e .
I t  sh o u ld  b e  m en tio n ed  t h a t  a t  t h e  c o s t  o f  som e a d d i t io n a l  c a l c u l a ­
t i o n s  a l l  d i f f e r e n c e s  in  KEDAK and AWRE d a t a  a r e  e l im in a t e d .
3rd s t a g e
In  t h i s  s t a g e  m acrogroup c o n s t a n t s  a r e  p ro d u ced  by means o f  th e  
fo r m a lism  p r e s e n te d  i n  th e  2n<^  s e c t i o n .  The c a l c u l a t e d  m a c r o c o n s ta n ts  a re  
w r it t e n  on  DF3. In  a  run we may c a l c u l a t e  a s  many m ix tu r e s  a s we w is h .  The 
c o m p o s it io n  o f  th e  m ix tu re  i s  s p e c i f i e d  by in p u t  from  t a p e .
The a p p l i c a t io n  o f  t h e  fo r m a lism  p r e s e n t e d  i n  S e c t io n  2 r e q u ir e s  th e  
d e te r m in a t io n  o f  t h e  f lu x  and c u r r e n t  and n u m e r ic a l i n t e g r a t i o n  o v e r  th e  grou p  
i n t e r v a l s .  The f l u x  and c u r r e n t  a r e  c a l c u l a t e d  by E q s . / 2 . 5 / ,  and t h e  n u m e r ic a l  




t i o n  ty p e
L i s t  o f  I/O  
s ta te m en t C on ten t
I n tr o d u c ­
to r y
NDM, NG, NE, NF,
/K F Z /I / ,N F Z /I / , 1 = 1 ,NE/
/ м / 1/, 1 =1 , ml ,
/U G /I / ,  1=1, NG+1/
NDM=the number o f  d a ta  t y p e / 1 5 /  
NG=number o f  b ro a d  group  
NE=number o f  m a t e r ia l s  
NF=1 i f  th e  m a t e r ia l  i s  f i s ­
s io n a b le ,  NF=0 o th e r w is e  
K F Z /I/ = KE/ I /
NFZ/ I / = NFU/ 1 /
M /I/=num ber o f  f i n e  groups i n  
th e  i - t h  b ro a d  group  
U G /I /= th e  upper boundary o f  th e  
i - t h  b road  g r o u p /in  eV /
For th e  
j - t h  d a ta  
ty p e
j = l  -  10
k - th
m ate­
r i a l
i - t h S T /L /,L  = v a lu e s  o f  th e  j - t h  d a ta  fo r  k - t h
broad l f M / I / m a t e r ia l ,  fo r  th e  en erg y  v a lu e s








r i a l
i - t h
b road
group
i - t h -
b road
group
j - t h  en e r g y n , / e / l / ,
S /L /,L =
1 ,6 0 /
N i s  th e  number o f
v a lu e s  o f Е /L /e x c i t a t i o n  en er g y
EAS i n s i d e v a lu e s ;  s / L / i s  th e
th e  i - t h c o r r e sp o n d in g  i n e l a s -
group t i c  c r o s s - s e c t i o n






r i a l
i - t h
b road  group S T /L / , L=1,М /I / e l a s t i c  c r o s s - s e c t i o n
i - t h
broad
group
j - t h  e n e r g y  
v a lu e s  o f A N U /L /,A SU /L /,
A n g u la r  v a lu e s  and  
v a lu e s  o f  c o r r e s -
EAS i n s i d e L = l ,2 1 / p o n d in g  d i f f e r e n t ! -
th e  i - t h a l  e l a s t i c  c r o s s -  -
2rouP_______ s e c t i o n
k - t h
m a te­
r i a l
13th
ty p e i - t h  b road  
group ST/L/ ,L = 1 ,M /I/
f i s s i o n  c r o s s -  
s e c t i o n
ty p e i - t h  b road  group S T /L /,L = 1 ,M /I /
a v e r a g e  number o f  






r i a l
i - t h
broad
group
S T /L /,L = 1 ,M /L / f i s s i o n  sp ectru m
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Table 5.
I n fo r m a tio n
ty p e L i s t  o f  I /O  s ta te m e n ts
C o n ten t
I n tr o d u c ­
t o r y
NE,NG,NF,JLO,KE I 
AM I,R 0  I , 1 = 1 , NE
NE i s  th e  number o f  m a t e r i ­
a l s  in  t h e  m ix tu r e ;  NG i s  
th e  number o f  b road  g r o u p s;  
NF=1 f o r  f i s s i o n a b l e  m ix ­
t u r e ,  NF=0 o th e r w is e ;  JLO 
i s  th e  maximum grou p  ch a n ­
g e  in  a c o l l i s i o n ;
KE means th e  name o f  th e  
m a t e r i a l s , AM i s  i t s  a to m ic  
m a ss , and RO i s  th e  n u c le a r  
d e n s i t y .
i - t h
grou p
/CRO/J/ , CRT/ J / , J = l , л О / , 
/TRAN/J/,TRANI/J^J=I,NG/ , 
SF, SNF, H A S /I/
CRO/J/ and CRT/J/ a r e  m acro­
c r o s s - s e c t i o n s  fo r  d a ta  ty p e  
j = l - 1 0  a v e r a g e d  o v e r  th e  
f lu x  and c u r r e n t , r e s p e c t i v ­
e l y ;  TRAN/J/ and TRANI/J/ 
a re  t r a n s f e r  c r o s s - s e c t i o n s .  
SF i s  t h e  f i s s i o n  m a cro -  
c r o s s - s e c t i o n ;  SNF i s  th e  
a v er a g e  number o f  n e u tr o n s  
p er  f i s s i o n ;  H A S/I/ i s  th e  
f i s s i o n  sp ec tru m .
5 . D e s c r ip t io n  o f  t h e  f u n c t io n s  and s u b r o u t in e s  o f  t h e  program
C o rresp o n d in g  to  th e  t h r e e  s t a g e s  d is c u s s e d  i n  th e  p r e v io u s  s e c t i o n ,  
th e r e  a r e  th r e e  m ain  s u b r o u t in e s :  DATFIL, C0NSTP1 and GROUP. A n o th er  th r e e  
s u b r o u t in e s  CONTROL, OUTLIST, EDITOR r e s p e c t i v e l y  ch ec k  th e  r e s u l t s  o f  
t h e i r  work
D A T F I L
DFO and D Fl are o p en ed  in  DATFIL, and th e  jo b  c o n c e r n in g  th e  f i r s t  
s t a g e  i s  p erform ed  by means o f  th e  f o l l o w i n g  r e la t e d  s u b r o u t in e s :
ARED- r e a d s  th e  n e x t  re co rd  o f  80 c h a r a c t e r s  on DFO and p la c e s  them  in  an a rr a y  
w h ich  s e r v e s  a s  an in p u t  p e r ip h e r y
FINDELEM- s e a r c h e s  t h e . f i r s t  r e c o r d  o f  a g iv e n  m a t e r ia l  on DFO
FINDKEDAK -  s e a r c h e s  th e  f i r s t  r e c o r d  o f  a  g iv e n  d a ta  ty p e  fo r  t h e  m a t e r ia l  
in  q u e s t io n  /d a t a  m u st be i n  KEDAK fo r m a t/
FINDAWRE -  d o es t h e  same jo b  a s  FINDKEDAK b u t  fo r  d a ta  i n  AWRE fo r m a t
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DARE -  c o n v e r ts  and r e a r r a n g e s  th e  d a ta  w h ich  a re  in  KEDAK form at and e d i t s  
th e  DFl
AWDARE -  d oes th e  same job  a s  DARE b u t f o r  d a ta  in  AWRE form at
CONTROL
T h is p ro ced u re  p erfo rm s a c h e c k in g  o u tp u t f o r  a g iv e n  m a t e r ia l  and g iv e n  
d a ta  ty p e  on D Fl.
С О N S T P 1
DF2 i s  opened in  C0NSTP1 and th e  jo b  c o n c e r n in g  th e  s e c o n d  s ta g e  i s  perform ed  
by means o f  th e  f o l lo w in g  r e la t e d  s u b r o u t in e s  and f u n c t io n s :
HELYMEG -  p u ts  down th e  p la c e  number o f  d a ta  re c o r d s  t o  be s e a r c h e d  on th e  
s c r a tc h  ta p e  p rep a red  by co p y in g  DFl
TOLTELEM -  c o p ie s  th e  d ata  from  DFl on t o  a s c r a tc h  ta p e
FORELEM -  sca n s th e  d a ta  g ro u p s on DFl
SIG / f u n c t i o n /  -  c a l c u l a t e s  th e  c r o s s - s e c t i o n  on th e  e n e r g y  p o in t s  o f  EAS 
by a v e r a g in g  o v e r  th e  f i n e  group i n t e r v a l
BSIG / f u n c t io n /  -  s u p p l ie s  any c r o s s - s e c t i o n  v a lu e  a t  a g iv e n  e n e r g y  p o in t  
by i n t e r p o l a t i n g  d a ta  v a lu e s  on DFl
SEARCH -  s e a r c h e s  a  g iv e n  d a ta  ty p e  fo r  a g iv e n  m a t e r ia l  on DFl
CINT / f u n c t io n /  -  p erform s th e  in t e r p o l a t i o n  in  en erg y
8LV -  re a d s  th e  argum ents and c r o s s - s e c t i o n  v a lu e s  from  DFl
ESIG -  s u p p l ie s  th e  i n e l a s t i c  c r o s s - s e c t i o n  a t  a g iv e n  en erg y  p o in t  f o r  a l l  
e x c i t a t i o n  l e v e l  lo w er  th a n  t h i s  e n e r g y
SITRAN -  c a l c u l a t e s  th e  t r a n s p o r t  c r o s s - s e c t i o n  in  th e  c a s e  o f  AWRE d a ta
NUSIG -  s u p p l ie s  th e  d i f f e r e n t i a l  e l a s t i c  s c a t t e r i n g  c r o s s - s e c t i o n  a t  a g iv e n  
en er g y .
О U T L I  S T
T his s u b r o u t in e  p erfo rm s a c h e c k in g  o u tp u t f o r  a g iv e n  d a t a  ty p e  o f  
a l l  m a t e r ia ls  on DF2.
G R O U P
DF3 i s  op en ed  in  GROUP and th e  jo b  c o n c e r n in g  th e  th ir d  s t a g e  i s  
p erform ed  by means o f  th e  f o l lo w in g  r e la t e d  fu n c t io n s  and s u b r o u t in e s :
MIXOLV -  rea d s in  th e  c r o s s - s e c t i o n  d a ta  f o r  a g iv e n  grou p  fo r  a l l  m a t e r ia ls  
and p ro d u c es  th e  m acro c r o s s - s e c t i o n s  fo r  a l l  en erg y  p o in t s  in s id e  
th e  group
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FLUXUS -  c a l c u l a t e s  f (E )  and  j ( E )  f o r  a l l  e n e r g y  p o in t s  i n s i d e  th e  g r o u p ,  
m aking u s e  o f  Efc o t (E )  and Et r (E ) c a l c u l a t e d  by MIXOLV
SINT -  p erform s t h e  n u m e r ic a l i n t e g r a t io n  by t r a p e z o id a l  r u le
IRG / f u n c t i o n /  - s u p p l i e s  t h e  s e r i a l  number o f  t h a t  g ro u p  to  w h ic h  a g iv e n  
en erg y  v a lu e  b e lo n g s
ASPN / f u n c t i o n /  -  i n t e r p o l a t e s  th e  d i f f e r e n t i a l  s c a t t e r i n g  c r o s s - s e c t i o n  by
a n g u la r  v a r i a b l e
DIV -  c a l c u l a t e s  th e  en erg y  d i s t r i b u t i o n  by th e  e v a p o r a t io n  m o d e l.
E D I T O R
T h is s u b r o u t in e  p e r fo r m s  a c h e c k in g  o u tp u t  o f  a l l  m acrogroup  c o n s t a n t s  
f o r  a g iv e n  g r o u p .
The c o n n e c t io n s  b e tw e e n  th e  s u b r o u t in e s  and fu n c t io n s  a r e  shown i n  
th e  b lo c k  d ia g ra m  /F ig .  1 . / .  Roman num bers i n d i c a t e  t h e  o v e r la y  s t r u c t u r e  o f  
th e  program ; i . e .  s u b r o u t in e s  w ith  th e  sam e Roman num ber a re  i n  th e  same l a y e r .
6 . V e r s io n s  f o r  program  o p e r a t io n s  and t h e  d e s c r ip t i o n  o f  th e  in p u t
By u s e  o f  a sw itc h  number any o f  th e  s t a g e s  can  be o p e r a t e d  s e p a r a t e l y  
i f  t h e  c o r r e s p o n d in g  in p u t DF i s  a v a i l a b l e  / e . g .  i t  h a s  been  p r e p a r e d  in  an  
e a r l i e r  r u n /.  T h u s , fo r  i n s t a n c e ,  i f  we h a v e  a l i b r a r y  o f  ty p e  DF2 f o r  a g iv e n  
s e t  o f  m a t e r i a l s , th e  group c o n s t a n t s  o f  any m ix tu r e  c o n s i s t i n g  o f  some o f  t h e s e  
m a t e r ia l s  can b e  c a lc u la t e d  im m e d ia te ly  by o p e r a t in g  t h e  t h ir d  s t a g e  o n ly .
The in p u t  paper t a p e  i s  d e s c r ib e d  by s t a g e s .  The in p u t  fo rm a t i s  a 
f r e e  o n e , t h a t  i s  th e  ite m s  a r e  s e p a r a te d  by two s p a c e s ;  o n ly  t h e  number o f  
i t e m s  in  a l i n e  i s  r e s t r i c t e d .
In p u t fo r  th e 1s t  s t a g e
LINE FORMAT VARIABLES DESCRIPTION
1 10 KN Number o f  m a t e r ia l s  on  DFl t o  b e  
p rep a red
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LINE FORMAT VARIABLES
2 A 4 ,2X, A 8 , IO KE( I ) ,S N E * (l) ,
N F U (l)
3 5 (A 4 ,2X) N K * (j)
DESCRIPTION
KE ( i ) i s  t h e  name o f  th e  m a t e r ia l  
/ i n  fo u r  c h a r a c t e r s / .  S N E (I) : 
th e  l a s t  tw o  c h a r a c te r s  g iv e  th e  
name o f  t h e  s u b f i l e  i n  w h ich  th e  
g iv e n  m a t e r i a l  can b e fo u n d  on  
DFO; th e  3rd  c h a r a c te r  i s  2 f o r  
KEDAK f i l e s ,  3 fo r  AWRE o n e s ;
4th  and 5 t h  c h a r a c te r s  a r e  a r b i t ­
r a r y ;  c h a r a c te r s  6 -7  o r  6 -8  a r e  th e  
i d e n t i f i c a t i o n  number o f  m a t e r ia l .  
NFU(I) i s  n ± / s e e  T a b le  2 . /
Data ty p e  i d e n t i f i c a t i o n  numbers
O nly  f o r  AWRE d a t a :
LINE FORMAT VARIABLES
4 1 0 ,1 0  2X ,A4 KR( 6 ) ,NK(1+ 20) ,
1 = 1 , KR (6)
DESCRIPTION
KF(6) i s  t h e  number o f  i n e l a s t i c  
s c a t t e r i n g  l e v e l s .  N K (l+ 2 0 )a r e  th e  
i d e n t i f i c a t i o n s  o f  d a ta  f o r  t h e s e  
l e v e l s .
R em arks: 1 / L in e s  3 and 4 a r e  r e p e a te d  f o r  ea ch  m a t e r i a l .
2 / I f  a  d a ta  ty p e  f o r  a m a t e r ia l  d o e s  n o t  e x i s t  or  i s  z e r o ,  th e n  
th e  l a s t  two c h a r a c t e r s  o f  NK (J) s h o u ld  be 0 0 .
In p u t f o r  CONTROL
1 1710 IE ,J X , JD (I  '),I= 1 ,JX  IE = th e  s e r i a l  number o f  m a t e r ia l
on  DF1 t o  b e  ch eck ed : JX i s  th e  
number o f  d a ta  ty p e s ;  JD ( I ) i s  
th e  s e r i a l  number o f  d a ta  t o  be 
p r in t e d  o u t .
Rem arks: 1 / IE an d  JX s h o u ld  b e  g iv e n  i n  a s t r i c t l y  in c r e a s in g  o r d e r  
2 / I f  IE =0 th en  t h e  work o f  CONTROL i s  t e r m in a te d .
x
C h a r a c te r s  f o r  SNE and NK ca n  be fou n d  i n  T ab le  6 .
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I n p u t  fo r 2nd s t a g e
LINE FORMAT ’ VARIABLES DESCRIPTION
1 2 I 0 ,F 0 .0 NG,NU,T NG i s  th e  number o f  b road  grou p  : i f  
NU=0, th en  th e  b ro a d  grou p  b oun ­
d a r i e s  a re  th e  sam e a s  f o r  th e  
Abagyan s e t  [2] ; i f  NU=0, th e n  th ey  
s h o u ld  be s p e c i f i e d  by i n p u t .  T 
i s  th e  te m p e r a tu r e
2 1010 М/ I / ,I= 1 ,N G Number o f  f i n e  g ro u p s  in  t h e  broad
g ro u p s
3 1 0 F 0 .0 U G /I /,I= 1 ,N G B road  group b o u n d a r ie s  / t h i s  l i n e  
i s  p r e s e n t  u n l e s s  NU=0/
4 310 NIS,NF,NE N IS=0 i f  th e r e  a r e  n o t m ore grou p s
o f  m a t e r ia ls  t o  b e  c o m p ile d  t o ­
g e t h e r ,  NIS=0 o t h e r w is e ;  i f  th e r e  
a r e  f i s s i o n a b l e  m a t e r ia l s  among 
t h o s e  to  be c o m p ile d  th e n  NF=0, 
o th e r w is e  NF=0; NE i s  th e  number 
o f  m a t e r ia l s .
5 1010 N T M /I/,I= 1 ,N E  The s e r i a l  num ber o f  m a t e r ia l  on DF1
In p u t  o f  OUTLIST
1 1010 JD ,N X ,JG X /I/ ,1 = 1 ,NX JD i s  th e  d a ta  ty p e  numberj NK i s  th e
number o f  b ro a d  g ro u p s f o r  w h ich  f i n e  
g ro u p  c r o s s - s e c t i o n  o f  JD d a ta  ty p e  . 
a r e  t o  be p r i n t e d  o u t .
J G X (l)a r e  th e  b ro a d  group  in d i c e s
Rem arks: 1 /  JD and JGX sh o u ld  b e g iv e n  i n  a s t r i c t l y  in c r e a s i n g  o r d e r ,
2 /  i f  NX=0 b u t JD =0, th e n  th e  n e x t  c o m p ila t io n  i s  ta k e n ;  
i f  iiNX=JD=0, th e n  t h e  jo b  o f  OUTLIST i s  t e r m in a te d .
In p u t  f o r  th e  3rd  s ta g e
1 F 0 .0 ,2 1 0  T , NF, NE1, JL0 T i s  te m p e r a tu r e ;  NF h a s t h e  same
m eaning a s i n  t h e  2nd s t a g e ;  NEl 
th e  number o f  m a t e r ia l  i n  th e  
m ix tu r e ;  JL0 i s  th e  maximum group  
ch a n g e by a s c a t t e r i n g  / a t  p r e s e n t  
t h i s  i s  < Ю /
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LINE FORMAT VARIABLES DESCRIPTION
2 A 4 ,2 F 0 .0 KFZ(I) , AMZ ( i ) ,R Z ( l  ) , KFZ = m a t e r ia l  name
1 = 1 ,NEl AMZ = a to m ic  mass
RZ = n u c le a r  d e n s i t y
3 10 J j= o i f  no f u r t h e r  m ix tu r e  t o  be
c a l c u l a t e d ,  J=0 o t h e r w is e .
In p u t fo r  EDITOR
A cknow ledgm ents
The a u th o r  thanks. N u c le a r  D ata S e c t io n  o f  IAEA fo r  s e n d in g  o f  
e v a lu a t e d  d a ta  f i l e s  and h e  th a n k s  a l s o  Mr. M. Nagy and Mr. J .  V ig a s s y  f o r  
t h e i r  t e c h n ic a l  a s s i s t a n c e .
1 IO IG IG i s  th e  b ro a d  group in d e x  fo r
w h ich  th e  t r a n s f e r  c r o s s - s e c t i o n  
sh o u ld  b e p r in t e d  
i f  IG =0, EDITOR i s  te r m in a te d  
i f  IG =0, t h e  c r o s s - s e c t i o n s  a re  
punched  o u t .
Table б/а
M a te r ia l
name Format SNE SGT3 STR3 SGN3 SGI3 S2N3 SGA3 SGG3 SAL3 SGX3 SPR3 SGE3 SNC4 SGF3 NUE4 KMP3
H-1B KEDAK EG24 14 14 8 14 9 14 6 14 5 1411 14 2 14 4 14 3 141o 14 7 14oo 14oo 14oo 14oo 14oo
H20B KEDAK EG24 15 15 8 15 9 15 6 15 5 1511 15 2 15 4 15 3 151o 15 7 15oo 15oo 15oo 15oo 15oo
DE-2 KEDAK EG24 13 1311 1312 13 8 13 7 1314 13 4 13 6 13 5 1313 131o 13oo 13 9 13oo 13oo 13oo
HE-4 KEDAK EG24 17 1711 1712 17 8 17 7 1714 17 4 17 6 17 5 1713 171o 17oo 17 9 17oo 17oo 17oo
L I-6 AWRE 1133 214 oo 1 oo  1 oo 2 oooo o o lo oooo o o l3 o o l5 oo 4 o o l4 oo 5 oo 3 OOOO oooo OOOO
L I-7 AWRE 1233 215 oo 1 oo  1 oo 2 o o l3 oo 7 oooo 0016 o o l7 oo 4 oooo oo 5 oo 3 oooo oooo oooo
BE-3 AWRE EN33 5o oo 1 oo 1 oo 2 OOOO oo 5 OOOO oo 8 o o lo oo 4 oo 9 OOOO oo 3 oooo oooo oooo
B - l l * AWRE EN33 49 oo 1 oo 1 oo 2 o o lo OOOO oooo o o l3 0016 OOOO o o l4 oo 4 OOOO oooo OOOO oooo
C-12 KEDAK EG24 2 213 214 21o 2 8 216 2 5 2 7 2 6 215 212 2 9 211 2oo 2oo 2oo
0 -1 6 KEDAK EH24 7 713 714 71o 7 8 716 7 5 7 7 7 6 715 712 7 9 711 l o o 7oo l o o
NA23 KEDAK EG24 27 2713 2714 271o 27 8 2716 27 5 27 7 27 6 2715 2712 27 9 2711 27oo 27oo 27oo
AL27 KEDAK EG24 1 113 114 H o 1 8 116 1 5 1 7 1 6 115 112 1 9 111 lo o lo o lo o
CROM KEDAK EG24 3 314 315 311 3 9 317 3 6 3 8 3 7 316 313 31o 312 3oo 3oo 3oo
FEOO KEDAK EG24 8 814 815 811 8 9 817 8 6 8 8 8 7 816 813 81o 812 8oo 8oo 8oo
N100 KEDAK EH24 1 114 115 111 1 9 117 1 6 1 8 1 7 116 113 l l o - 112 lo o lo o lo o
ZR91 AWRE EK33 9 oo 1 oo 1 oo 2 oo 5 oo  8 o o l l oooo oooo oo 4 oooo oooo oo 3 oooo oooo oooo
CDOO KEDAK EI24 1 111 112 o 9 ’ 1 7 114 1 4 1 6 lo o 113 l l o 1 8 lo o lo o lo o lo o
MOOO KEDAK EG24 18 1814 1815 1811 18 9 1817 18 6 18 8 18 7 1816 1813 181o 1812 18oo 18oo 18oo
TH32 AWRE EM3 3 22 oo 1 oo 1 oo 2 oo 5 oo 8 OOOO o o l8 OOOO oo 4 OOOO OOOO oo 3 OOOO OOOO OOOO
U235 KEDAK EH24 9 92o 921 917 915 923 911 914 912 922 919 916 918 913 9 8 9 3
U235* AWRE EQ33 0 6 6 oo 1 oo 1 oo 2 oo23 oo26 oooo ооЗб oooo oo 4 oooo oo 5 oo 3 oo32 oo35 oo34
U238 KEDAK EI24 5 518 519 515 513 521 5 9 512 51o 52o 517 514 516 511 5 6 5 2
U238* AWRE ER33 4 o l oo 1 oo 1 oo  2 oo35 oo38 OOOO oo48 OOOO oo 4 oooo oo 5 oo 3 oo44 oo47 oo46
PU39 KEDAK EH24 8 82o 821 817 815 823 811 814 812 822 819 816 818 813 8 8 8 3
PU39* AWRE EP33 o65 oo 1 oo 1 oo 2 o o l9 oo22 oooo oo32 oooo oo 4 oooo oo 5 oo 3 oo28 oo31 0 0 З0
PU4 KEDAK EI24 217 218 215 213 216 21o 212 2oo 219 2oo 214 216 211 2 7 2oo
PU41 KEDAK EI24 3 317 318 315 313 316 31o 312 3oo 319 3oo 314 316 311 3 7 3oo
PU41 AWRE EN33 6o oo 1 oo 1 oo  2 oo 5 oo  8 OOOO o o l8 oooo oo 4 OOOO OOOO oo 3 o o l4 o o l7 0016
PU42 KEDAK EI24 4 417 418 415 413 416 41o 412 4oo 419 4oo 414 416 411 4 7 4oo
= I n e l a s t i c  s c a t t e r i n g  f o r  d is t a n c e  e x c i t a t i o n  l e v e l s  f o r  AWRE d a ta .x
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T a b le  6 / b .
M a te r ia l
name
Number o f  
l e v e l s 2 3 4 5 6 7 8 8 l o
B - l l 3 oo 6 o o  8
U235 6 oo 8 o o l l o o l4 o o l7 o o 2 o
U238 l o oo 8 o o l l o o l4 o o l7 o o 2 o oo23 oo26 oo29 oo32
PU 7 oo 7 oo  9 o o l l o o l3 o o l5 o o l7
26 5
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